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What (or Who) lives inside Scotch broom roots?
Lisa Fazzino and Professor Betsy Kirkpatrick
Department of Biology, University of Puget Sound
August 10, 2011

Scotch broom (Cystis scoparius) is invading the South
Puget lowlands, presumably with help from the nitrogenfixing symbiotic bacteria that are found in its root
nodules. With this nitrogen source, Scotch broom is not
limited by low nitrogen levels in the soils like many other
plants. The goals of our research are 1) to identify the
nodulating bacteria of Scotch broom in the Northwest,
British Columbia, and Canberra, Australia to explore the
diversity of Scotch broom symbionts and 2) to explore the
possibility of multiple occupancy in Scotch broom
nodules. Using 16s rRNA sequencing, we will identify the
bacteria of Scotch broom nodules from Washington,
British Columbia, and Canberra, Australia. We recently
identified the South Puget Sound lowland prairie Scotch
broom symbionts as predominantly from two genera:
Burkholderia and Rhizobium (British Columbia and
Australian sequence data to follow). Moreover, there
were two nodules of the ten from which both
Burkholderia and Rhizobium were successfully isolated
and sequenced. Therefore, it is possible that multiple
bacterial species can live within a single Scotch broom
nodule. Neither the presence of Burkholderia nor
multiple nodule occupation has been previously welldocumented in a temperate zone legume and a survey of
Scotch broom symbionts of the Northwest, USA has not
been performed.
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Bacterial Symbiont Diversity

Multiple Occupancy of Nodules
To determine multiple occupancy, Koch’s postulates must be met:
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Nodule inhabitants from
nine sites in British
Columbia, the
Northwest US, and
Canberra, Australia are
isolated and will be
sequenced.
Phylogenetic trees will
help to determine
relatedness of different
Scotch broom
inhabitants.

1. Isolate microbe from nodule and identify
- isolate bacteria from nodule on yeast mannitol plate
- use 16s rDNA sequencing to identify bacteria (Figure 2)

2. Re-inoculate original plant
- in nitrogen-free medium, grow Scotch broom in the presence of bacteria (Figure 3)

3. Re-isolate microbe from new nodule
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Introduction
Scotch broom (Cystis scoparius) is an extremely invasive
species that is invading non-forested areas in both the
Puget lowlands and in rural Australia. One reason Scotch
broom is such an effective invader is because of its
symbiosis with bacteria that help fix nitrogen for Scotch
broom’s use. In exchange for nitrogen, Scotch broom
gives these bacteria photosynthetic products and a
protected anaerobic environment in root nodules (Figure
1). While these nodulating bacteria presumably help
Scotch broom invade ecosystems, their identity and
spatial diversity remain unknown. To begin to explore
these questions, we first set out to identify the
nodulating bacteria in preparation for comparing Scotch
broom’s bacterial symbiotic communities from the
northwest US, British Columbia, and southeastern
Australia using DNA sequencing.
Furthermore, our previous research has suggested that in
the South Puget lowlands, Scotch broom nodules can
potentially contain two species of bacteria from the
genera Burkholderia and Rhizobium. We will explore the
possibility of multiple occupancy by confirming Koch’s
postulates, a set of criteria establishing a relationship
between a microbe and host.
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Distinct clades would indicate that associations between bacterial
symbionts and Scotch broom occurred long ago and/or experience
heavy evolutionary pressure where as indistinct clades would
indicate recent associations and/or less evolutionary pressure.

Figure 2. A) After PCR amplification of the 16s rRNA gene, a gel
was run to confirm a successful PCR reaction. Isolates 38, 40, 41,
43, 46, 47, and 49 were successful as shown by the bands at ~1.4
Kb. Purified PCR product was sequenced. Successful sequences (B)
was used to identify bacterial isolates and unsuccessful sequences
(C) will be re-sequenced. Successful sequences were compared to
known sequences on the BLAST database. In 2 of 15 nodules, both
Burkholderia and Rhizobium were identified as present in the
same nodule (co-nodulation).

Methods
5 mm

Figure 1. Nodules
connected to Scotch
broom roots. Nodules
can be clustered or
single and are usually
found on shallow
proximal roots.

Identifying
• Collected Scotch broom nodules from British Columbia, Washington, and
Australia
• Isolated bacteria from surface-sterilized nodules by streaking on yeast
mannitol plates
• Amplified 16s rDNA sequence with PCR using 27F and 1492R universal
primers (Figure 2a).
• Sequenced 16s rRNA PCR product (Macrogen) (Figure 2b and 2c)
• Identified bacteria by matching sequences with known bacteria using
online databases (BLAST and Classifier)
Determining Multiple Occupancy
Seedlings of Siratro macroptilium, a common nodulation test species,
were placed in sterile mason jars with nitrogen-free media. Seedlings were
then inoculated with bacteria. After 40-52 days of growth, plants were
harvested and weighed.

Figure 3. Re-inoculation of Siratro (promiscuous host) took
place in nitrogen-free medium and should have shown
low plant weights in plants with no inoculant. However,
data showed no significant differences between total
weights of Siratro plants in all four inoculant treatments,
indicating that inoculation was unsuccessful. Reinoculation trials will be recompleted using Scotch broom
seedlings instead of Siratro seedlings.

Future Research
• Confirm that Burkholderia and Rhizobium can conodulate Scotch broom nodules.
• Complete sequencing bacterial isolates from British
Columbia and Australia to explore the diversity of
Scotch broom symbionts.
• Determine presence of nod/nif genes to confirm
nodulation and nitrogen-fixing capabilities
• Confirm the mechanism of nodulation. The presumed
mechanism of nodulation makes it difficult for multiple
bacterial species to enter a single nodule. However,
through another nodulation mechanism it is possible
for multiple bacteria to “sneak” into nodules.
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